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Turbidity is an important measurement of water quality, considering it describes
water clarity and is an indirect indicator of light transmittance in the water column.
Turbidity may impact fish that rely on vision to forage by affecting ability to search for
prey. Largemouth bass (LMB; Micropterus salmoides) is a visual predator that may have
lower foraging success resulting in reduced growth, reproduction, or survival under
conditions of high turbidity. I conducted a field experiment in Wolf Lake, Mississippi to
assess impacts of turbidity on diet and distribution and a laboratory experiment with
manipulated turbidity levels (0 – 250 NTU) to assess foraging efficiency of LMB. There
were no significant relationships between turbidity and diet or distribution in the field
study. However, there were significant effects of turbidity on foraging efficiency in
laboratory trials. These results indicate that assessing turbidity is important to manage
LMB in systems susceptible to high turbidity levels.
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CHAPTER I
INTRODUCTION

Water parameters, such as turbidity, influence fish foraging success and behavior.
Previous studies have investigated the relationships among different environmental
variables and distribution of fishes inhabiting temperate lakes and streams (Tonn and
Magnuson 1982; Rahel 1986; Petry et al. 2003). In particular, negative correlations have
been documented between distribution of piscivorous species and high levels of turbidity
that are associated with the suspended sediment within some aquatic habitats (Henley et
al. 2000; Petry’s et al. 2003). Turbidity can be defined as a visual property of water that
results in a reduction or lack of clarity from the presence of suspended particles or solids
(Wetzel 2001). Therefore, high turbidity above the norm in aquatic systems may present
an environmental condition that leads to negative impacts on growth, reproduction, and
foraging success of many visual predator fish species (Kerr 1995).
Experimental studies using Pimephales promelas and Perca flavescens have
demonstrated that increases in turbidity tend to lower light transmittance in water and
therefore reduce prey detection by Perca flavescens (Abrahams and Kattenfeld 1997). In
addition, increased turbidity levels may result in changes in a predator’s foraging
behavior, such as attack technique (Crowl 1989). Although turbidity may have negative
impacts on visual predators by reducing their ability to capture prey, it also may provide a
refuge for prey to escape predators (Johnston et al. 2007). As turbidity levels fluctuate
1

throughout a season in an aquatic environment, the advantages or disadvantages of higher
turbidity levels may cycle between predator and prey species (Reid et al. 1999). High
turbidity levels may result in reduced predation success, and in increased ability of prey
to avoid capture (Bruton 1985; Hecht and van der Lingen 1992). During low turbidity
the benefits are reversed, giving predators the advantage of seeing the prey from a greater
distance, thereby increasing the success of capture and decreasing prey avoidance (Miner
and Stein 1996).
Impacts of turbidity on the distribution of fish vary among species and tolerance
levels. Although not all fish species will avoid turbid conditions (relative to the system
norm), an increase in turbidity beyond an individual species’ preference can potentially
modify behaviors and affect movements and migrations (Kerr 1995). Species that
migrate (e.g., Clupea spp.) tend to decrease their travel distance with increasing turbidity
(Appleby and Scarratt 1989). Studies also have found that different turbidity levels
influence distributions of marine fish in estuaries (Blaber and Blaber 1980; Cyrus and
Blaber 1987 a,b, Cyrus and Blaber 1992; and Maes 1998).
Some studies that evaluated changes in fish distribution in relation to turbidity
also have associated distributions to changes in other abiotic factors such as season,
substratum, and salinity (Johnston et al. 2007). For aquatic systems located in the
Mississippi Alluvial Valley (MAV) that exhibit periods of high turbidity (> 600 NTU)
caused partly by increased suspended sediment, it is possible that other factors may
impact fish distributions, such as connectivity to rivers, lake size, depth, and age of lake
(McHenry et al. 1982; Miranda 2005a). Although, suspended sediment is a common
cause for turbidity, other factors such as extreme algal blooms from excessive nutrient
2

loading, bioturbation by bottom feeding fish and wind causing wave action are among
others that contribute to increased turbidity (Wetzel 2001, Miranda and Lucas 2004).
Miranda (2005a) provided evidence for fish species that tolerate high temperatures,
shallow depth, and turbidity, were likely to occur more frequently and greater abundance,
relative to other species within that system. If a range of turbidity that fell within the
preference range for a species in a system, effects of turbidity on that particular species
may not exist (Johnston et al. 2007).
Largemouth bass Micropterus salmoides is a common piscivore in aquatic
systems in North America that relies primarily on vision to locate and capture prey.
Turbidity can influence largemouth bass feeding, because it reduces efficiency in locating
prey (Reid et al. 1999). In several studies, bass foraging success has been affected as
light transmittance in water is reduced by elevated turbidity (Crowl 1989; Henley et al.
2000; Sweka and Hartman 2003). This in turn can affect bass survival due to decreased
growth rate and development (Buck 1956). In many aquatic communities largemouth
bass function as keystone predators by impacting populations of other species within the
system (Mittelbach et al. 1995; Schindler et al. 1997). Considering the trophic cascade
concept, a bass’ role in a system can greatly influence the lower trophic levels and the
removal or significant reduction of production in top trophic populations can alter lake
water conditions and productivity (Carpenter et al. 1985; Gerking 1994). As a top
predator and a popular recreational species, understanding the potential limitations
turbidity places on largemouth bass diets and the mechanisms for selecting prey in
different aquatic systems and habitats can assist in managing sustainable populations and
healthy aquatic ecosystems.
3

The Mississippi Alluvial Valley is an area that may be particularly suitable for
studies assessing impacts of turbidity on fish. Turbidity levels in aquatic systems located
in the MAV can be high (> 600 NTU) and vary by lake and season partially (Appendix
A) due to amount of suspended sediment imported into lakes from soil erosion in
surrounding agricultural landscapes (Cooper and McHenry 1989). Water quality is
affected adversely when soil erosion is increased due to agricultural and land uses that do
not incorporate best management practices, such as riparian buffers around the lake to
decrease soil run-off, and resulting in lower turbidity levels (Knight and Welch 2002).
Water quality parameters (e.g., turbidity) in turn impact other features and responses of
the aquatic biota, including the distribution of fish (Tonn and Magnuson 1982; Rahel
1986; Brazner and Beals 1997; Petry et al. 2003). Research in the past 30 years has
measured sedimentation in oxbow lakes in the MAV and found increased amounts of
sediment runoff (McHenry et al. 1982; Cooper and McHenry 1989; Knight and Welch
2002). Suspended sediment and resulting increases in turbidity levels decrease light
penetration, which can impact photosynthetic activity. The net result of these events
limits primary production, one driver of the aquatic food web and a component in
supporting sustainable fisheries (McHenry et al. 1982; Kerr 1995; Cooper et al. 2003).
Although, light penetration may reduce photosynthetic activity, high levels of primary
production also can result in increased turbidity levels in eutrophic lakes (Wetzel 2001).
Best management practices (BMPs) have been implemented in some areas of the MAV in
an attempt to reduce sediment runoff and protect aquatic habitats (Knight and Welch
2002; Knight and Welch 2004; Dabney et al. 2004). However, little is known about how
turbidity specifically impacts fish in these systems during and after management is
4

implemented. It is important to study and identify responses of fish predation and
feeding behavior in systems highly susceptible to sediment loads and the resulting high
turbidity levels. With a better understanding of fish responses to turbid conditions, BMPs
may be more specifically geared to benefit fish habitat and water quality in these systems.
Overall, an understanding of fish behavior within turbid systems may help to justify land
modifications that reduce sediment runoff.

Objectives
I conducted a field survey and a laboratory experiment to investigate the
hypothesis that water turbidity influences foraging efficiency of largemouth bass. Water
turbidity was mapped and largemouth bass were collected in an oxbow lake to assess
relationships between turbidity, fish species diversity, and abundance and diet of bass.
To investigate the hypothesis that differences in foraging efficiency of bass vary among
differential turbidity levels, a laboratory experiment was conducted to explore influences
turbidity and light had on capture success and time taken to capture prey in aquaria. In
Chapter II, I investigated relationships between turbidity and four other variables (species
diversity, largemouth bass abundance, consumption of prey, and diet) in an oxbow lake
located in the Mississippi Alluvial Valley region. Specific objectives included in chapter
II were (1) collect water quality data to map surface water conditions across an oxbow
lake (primarily turbidity) to determine ranges of turbidity in the habitat. (2) Sample all
fish species and turbidity to test the null hypothesis that there is no relationship between
the diversity of fish and turbidity level in an oxbow lake. (3) Sample largemouth bass
and turbidity to test the null hypothesis that there is no relationship between turbidity in
5

habitat and bass abundance, and (4) investigate difference in diet of bass across different
turbidity levels to test the null hypothesis that there is no difference in food consumption
at different turbidity levels. The design, results, and discussion of implications of the
aquaria experiments are discussed in Chapter III. My specific objectives in conducting
an experiment in aquaria were to (1) investigate the hypothesis that turbidity levels
influence foraging, by measuring the time it took largemouth bass to capture or interact
with tethered prey within aquaria containing different turbidity levels, and (2) attempt to
investigate for potential correlations between turbidity and light, and how these variables
have impacts on foraging bass.
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CHAPTER II
FIELD SURVEY

Introduction
Turbidity may influence fish distribution throughout lake systems. Generally,
different tolerances of turbidity can vary by fish species in different systems (Kerr 1995).
In aquatic systems with highly variable turbidity, the ability of prey and predators to
detect each other is limited by elevated turbidity levels (Vineyard and O’Brien 1976;
Crowl 1989; Abrahams and Kattenfeld 1997; Johnston et al. 2007). For predators that
rely on visual cues to search for and capture prey, their success can be affected by areas
where light transmittance in water is reduced. Studies have shown that with increased
turbidity, visual predators, such as largemouth bass, become less selective in size and
species of prey they eat because of limitations in seeing other fish (Gardner 1981; Crowl
1989; Reid et al. 1999). However, these previous studies were all conducted in a
controlled laboratory, limiting other potential factors which in a natural setting may have
a significant effect. Natural environmental variations such as seasonal changes, wind
causing wave action in shallow water, and water temperature are other variables along
with turbidity that may impact where fish forage and their distribution throughout a lake
(Kerr 1995). These natural variables make it difficult to pinpoint whether turbidity is a
direct factor that affects fish distributions, or if it is a combination of multiple variables
that determine where certain species prefer to forage throughout a lake. In the literature,
7

mixed results are presented, including some studies that indicate turbidity does have an
influence on the distribution of fish (i.e., Blaber and Blaber 1980; Cyrus and Blaber
1992; Maes et al. 1998). In contrast, a few studies found no evidence that turbidity
directly affected the distribution of fish (i.e., Williamson et al. 1994; Johnston et al.
2007).
In systems where high turbidity frequently occurs, for example, those of the
Mississippi Alluvial Valley, distributions of fish may be altered (McHenry et al. 1982;
Kerr 1995). Species that inhabit aquatic systems where high turbidity levels occur may
have to adjust foraging behaviors to be successful at capturing prey. Overall,
understanding the responses of predation and distribution of fish in lakes with variable
conditions of turbidity is limited. Understanding the responses to the habitat of visual
feeding fish will help identify important environmental mechanisms that influence diets
and distribution of largemouth bass populations in the Mississippi Alluvial Valley region.
I conducted a field survey to investigate the hypothesis that water turbidity
influences the relationships of four variables (species diversity, largemouth bass
abundance, consumption of prey, and diet) within a lake located in the Mississippi
Alluvial Valley. Specific objectives were to (1) collect water quality data to map surface
water conditions across an oxbow lake (primarily turbidity) to determine ranges of
available turbidity in habitat. (2) Sample all fish species and turbidity to test the null
hypothesis that there is no relationship between the diversity of fish and turbidity level in
habitat. (3) Sample largemouth bass and turbidity to test the null hypothesis that there is
no relationship between turbidity in habitat and bass abundance, and (4) investigate
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difference in diet of bass across different turbidity levels to test the null hypothesis there
is no difference in food consumption between different turbidity levels.

Methods

Study Area
The field study was conducted in Wolf Lake, a 417 hectare oxbow located in the
Lower Mississippi Alluvial Valley (MAV) near Yazoo City, Mississippi (32°54’38.76”N,
90°27’39.72”W) (Figure 2.1). The morphology of the lake is especially elongated and is
the remnant of a meandering river that has been cutoff forming a closed system. The
length, depending on the water level, is approximately 13.8 km, and width ranges up to
0.3 km. Wolf Lake is known for its murky, turbid waters that are common throughout
lakes in the region (McHenry et al. 1982). Similar to other lakes in the MAV, water
conditions have been affected by past landscape modifications used to control flooding
and support agriculture (Cooper and McHenry 1989; Cooper et al. 2003). Agriculture in
the MAV has been an important economic driver and with more land being used for
growing crops, there is a growing concern about the maintenance of water quality in the
region (McHenry et al. 1982; Locke 2004).

Mapping Turbidity
To determine variability and distribution of turbidity within the lake, I collected
monthly water samples using a Manta multi-probe (Eureka™, Austin, Texas). While
attached to a boat, a pumped, flow-through system, similar to the method used by
9

Peterson (2007) and others, was used in sampling at 0.28 m below the water surface of
the lake. Data were collected at 10 second intervals while traveling a series of “zigzag”
transects across the lake, similar to the methods used in Brydsten et al. (2004). The
Eureka™ Manta system simultaneously collected GPS coordinates along with water
quality data at each time interval. After the data were collected, ArcMap (ESRI® 2009)
was used to build water quality distribution maps to visualize the spatial distribution of
turbidity throughout Wolf Lake. Interpolation tools (Kriging method) in ArcMap were
used to generate a continuous raster surface from discrete point measurements, and were
then overlaid on a map of Wolf Lake to visualize patterns in turbidity (Figure 2.2). A
Quantile classification was used in ArcMap to create classes containing equal numbers of
features. This method was used to classify the scale range in Figure 2.2, to ensure
turbidity variation is displayed on the map. This process was essential to generate a
stratified random sample among variable turbidity levels used for electrofishing sites.
Although the turbidity map data were not directly used for analysis with bass variables,
the monthly data collected for another project, was helpful in visualizing turbidity
variation within the lake and for selecting sampling sites with varied turbidity (Appendix
1). From the monthly turbidity data, July 2009 data were used to create a map for
showing range of turbidity for when fish collection was also conducted (Figure 2.2).

Fish Collection
Wolf Lake was divided into 10 segments of equal length. The 10 segments were
determined using turbidity maps to insure variation in turbidity levels differed among
segments. Within each segment a sampling boundary was stratified to represent an area
10

with estimated water depths less than 2.5 meters. The sampling was limited to this area
because it marks the extent of which a boat mounted electrofishing unit is most effective
(Reynolds 1996). Within each sampling boundary a single point from a grid of randomly
generated points (using ArcMap) was used as a starting location for each electrofishing
run.
On the nights of July 7th and 9th of 2009, electrofishing was conducted on Wolf
Lake between 2000 and 0500 hours to maximize successful largemouth bass capture
(Van Den Avyle and Roussel 1980; McInerny and Degan 1993). Electrofishing sampling
intensity was held consistent with standards configured by previous studies (Miranda
2005b). The target power output (w) was adjusted based on water conductivity (μS/cm)
at all electrofishing run locations. Each electrofishing run was conducted for each of the
10 segments in the lake. All fish were collected for the first 7.5 minutes. After 7.5
minutes, only largemouth bass were collected until 15 minutes had elapsed. These times
were used because samples were limited to collect at all designated sites during the night
period, and sample time at each site was within effective ranges for sampling largemouth
bass (Miranda et al. 1996). Turbidity measurements were taken at the starting site using
a Eureka™ Manta multi-probe instrument at the beginning of each electrofishing run.
Stomach contents were taken from all bass  200 mm (total length) collected during an
electrofishing run using a gastric lavage method (Kamler and Pope 2001) and flushed
into a micro-mesh tray then placed into a whirl-pack for preservation. A stomach item
too large to pass through the gastric lavage tube was removed using blunt forceps (Hakala
2004). Smaller bass (< 200 mm) and stomach contents from larger bass were preserved
in 10% buffered formalin solution and taken back to the Department of Wildlife and
11

Fisheries laboratory at Mississippi State University to be analyzed. Other fish that were
collected during the electrofishing runs were identified (to species), weighed (g), and
measured for length (total length, mm). Catch from all species were used to calculate a
diversity metric using Simpson’s index of diversity for each sampling site, to analyze
distribution patterns related to turbidity levels throughout the lake (Lubinski et al. 2008).
In the laboratory, stomach contents were removed from smaller bass (< 200 mm)
by dissection, and placed on a Petri dish and put into a drying vent overnight (20-24
hours). Once dried, the contents and dish were taken out of the drying vent and placed
over a 100 box grid sheet for measuring. Using a dissecting scope, food group categories
including fish, invertebrates, plants, and miscellaneous were identified and recorded to
determine relative percentage present, similar to methods used by Stickney (1976) and
Hyslop (1980). Though numbers in stomach contents were not quantified, presence of
common fish species identified were gizzard shad Dorosoma cepedianum, western
mosquito fish Gambusia affinis, white crappie Pomoxis annularis, and bluegill Lepomis
macrochirus. Some common invertebrates present in the stomachs were insects (Order:
Diptera, Trichoptera, Coleoptera), crayfish (genus Procambarus), and shrimp
Palaemonetes kadiakensis.

Data Analysis
Generalized linear models (GLM) (PROC GENMOD) in SAS® version 9.2 were
used to compare differences in bass estimated food group percentages relative to
turbidity. The food category percentages were arcsine transformed to fit normality
assumptions. GLM procedures also were used to assess the relationship between bass
12

stomach contents and weights with turbidity. A type III likelihood ratio (LR) test using
PROC GENMOD procedure was used to estimate effects of the model parameters and
any interactions with that effect (SAS 2008). The same procedures also were used for
comparing differences among bass abundance and turbidity in Wolf Lake. Turbidity was
classified as a continuous variable in all analysis tests. Species diversity values created
by Simpson’s index of diversity were used for comparison with turbidity at each site
using a type III analysis in PROC GENMOD procedures (SAS 2008). The variables that
were compared to turbidity were log transformed to help improve compliance with
normality assumptions. All tests were run using  = 0.05 to determine significance.

Results

Fish Distribution
During the study, 389 fish from 19 species were collected, where bluegill was the
most frequently collected species (42%) and present at all 10 sampling sites (Table 2.1).
Mean number of bluegill collected for all sites was 16.4 (std. error = 4.28, std. dev. =
13.54, range = 2 to 44). Other species that occurred in more than 60% of the sites were
gizzard shad Dorosoma cepedianum (70% of sites), smallmouth buffalo Ictiobus bubalus
(80%), spotted gar Lepisosteus oculatus (70%), and white crappie (70%) (Table 2.1).
Rarely encountered species that were collected only once throughout entire sampling
effort were bowfin Amia calva, common carp Cyprinus carpio, blue catfish Ictalurus
furcatus, bigmouth buffalo Ictiobus cyprinellus, and green sunfish Lepomis cyanellus
(Table 2.1). The comparison between species diversity across turbidity using Simpson’s
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index of diversity values showed no significant difference (Type III (LR) tests; P > 0.61)
(Table 2.2 and Figure 2.3).
I collected 52 bass during 10 electrofishing runs. Total length ranged from 72 to
520 mm (mean = 283, std. error = 12.5, std. dev. = 90.1), and weight ranged from 5 to
1,950 g (mean = 413, std. error = 61.9, std. dev. = 446). The relationship between bass
weight and turbidity was not significant (Type III (LR) test; P = 0.21) (Table 2.2). Of the
52 bass collected, 37% had empty stomachs. At turbidity readings 18.6 and 48 NTU no
bass were collected and the five bass collected at 14 NTU had empty stomachs. The
differences between bass abundance and turbidity measurements were not significant
(Type III (LR) test; P > 0.24) (Table 2.2). The greatest number of bass collected was 17
at 10.9 NTU; the least were 0 collected at 18.6 and 47.8 NTU (Table 2.3). Mean bass
collected at all electrofishing sites was 5.2 (std. error = 1.64, std. dev. = 5.18, range = 0 to
17). The 17 NTU level showed to have the greatest percentage (77%) of bass with
stomach contents and 14 NTU had the least percentage with contents at 0% (Figure 2.4).
There was no significant difference between turbidity measurements and bass with
stomach contents (Type III (LR) test; P = 0.85) (Table 2.2). Differences between average
stomach content weights and turbidity were not significant (Type III (LR) test; P > 0.28)
(Table 2.2, 2.3 and Figure 2.5).

Bass Food Consumption
The diet categories fish (Type III test, P = 0.1129), invertebrates (Type III test, P
= 0.037), plant (Type III test, P = 0.8847), and miscellaneous (Type III test, P = 0.97)
were not significantly related to turbidity (Table 2.2 and 2.3). All four categories were
14

present in stomach samples at all turbidity levels except at 14 NTU where all bass had
empty stomachs and 18.6 and 47.8 NTU where no bass were collected (Figure 2.6). Most
bass (91%) were found to have more than one food category in their stomachs.

Discussion
The purpose of the field study was to investigate at bass food consumption and
fish distribution in relation to the varying turbidity levels throughout Wolf Lake.
Unfortunately, with the small sample size of bass I collected from each site and the small
range in turbidity levels relative to other ranges observed throughout the year (range =
10.9 to 48 NTU), made it difficult to determine with certainty if turbidity had directly
affected largemouth bass. After comparative analysis with turbidity and bass variables
(numbers, weights, stomach contents), no significant differences were detected. In
addition, the percentage of bass with stomach contents also showed no significant
difference in relation to turbidity. Of the bass collected in Wolf Lake, no relationship to
turbidity was observed. Though other studies have demonstrated a relationship between
turbidity levels and fish abundance (Blaber and Blaber 1980; Cyrus and Blaber 1992; and
Maes et al., 1998), some have not been able to demonstrate a clear relationships between
fish distribution and turbidity (Johnston et al., 2007). They concluded there was no
relationship between turbidity and fish distribution due to a combination of multiple
variables affecting species differently. Although their results were similar to mine, their
study differed, because they investigated how turbidity influenced the distribution of
fishes in tropical estuaries, whereas my study was conducted in an oxbow lake in the
Mississippi Alluvial Valley.
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Previous studies that have investigated the composition of diets in largemouth
bass have found that on average 50% of the bass collected had empty stomachs (Howick
1983). Overall, 64% of bass collected in night sampling in Wolf Lake had stomach
contents. Results from the stomach analysis showed that none of the food categories
were influenced by turbidity. The plant category may be misleading as contents were
assumed to be only by-catch (various leafs and tree bark pieces) and it cannot be assumed
the bass selected for the plant. The only aquatic plants that were observed in Wolf Lake
were duckweed Lemna minor and alligator weed Alternanthera philoxeroides; both were
distributed in small areas throughout the lake. Some factors that may have influenced my
results include small sample size, limited range of turbidity sampled within the lake (1048 NTU), fast digestion rates for bass (Hunt 1960), and the distribution of available prey.
These factors may have influenced the results to show no patterns between turbidity and
fish species.
Bass foraging behavior has been studied and results have shown a change in
foraging techniques when visibility shifts with turbidity levels (Crowl 1989). Crowl
(1989) observed a shift in foraging behavior tactics. He noted that as turbidity increased,
the bass changed from active foraging on prey based on size and movement, shifting to
attacking immediately upon prey sighting not based on size and movement. In a natural
setting, for a bass to grow and survive in varying environmental conditions it may be
essential to use different methods to find food. In addition, as visibility is reduced due to
high turbidity or low light, a visual predator’s foraging strategy may be altered (Reid et
al., 1999).
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In summary, the field survey found no significant effect of turbidity relative to
species diversity, and distribution and diet of largemouth bass in Wolf Lake. This study
did not reveal that turbidity had any relationship to largemouth bass diets and
distribution, although, due to a small range of turbidity levels in habitat and limited
sample size, impacts of turbidity may not have been easily detected. It is also important
to consider that perhaps turbidity has no effect on the fish species in Wolf Lake. Oxbow
lakes in this region are known to have seasonal periods of elevated turbidity levels
(Cooper and McHenry 1989), with these patterns occurring regularly, fish may have
acclimated to these conditions and in this case the impacts of turbidity may have no effect
on fish behavior. Additional research is needed to investigate fish behaviors and foraging
responses in lakes when turbidity reaches higher levels throughout the season. In
addition to increasing the sample size, it is possible that future research should analyze
these data differently using multivariate approach to understand predator-prey
interactions in habitat where turbid conditions commonly exist. If turbidity has influence
at the community level, patterns may be more observable within the study area. If
predator diets are the focus, sampling and quantifying prey abundance (e.g., invertebrate
sampling) would give a better representation of available prey, and analysis could
determine if predators were utilizing available prey at different turbidity levels. An
important factor when sampling would be to insure there was a large range of turbidity
present, results from my study suggest that a smaller range relative to other ranges
observed (10-48 NTU) created difficulties of showing turbidity influences on largemouth
bass. If fish species are impacted by turbidity, with a greater turbidity range (relative to
the norm), the impacts of turbidity may be observed and a better understanding of
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environmental impacts on fish communities may be used for appropriate management
decisions.

Table 2.1 Summary of the total numbers of fish collected by turbidity levels in July 2009
on Wolf Lake, Humphreys County, Mississippi
Species

Turbidity (NTU)
10.9

11

11.2

14

17

17.4

18.6

1

Aplodinotus grunniens

1
2

Chaenobryttus gulosus

45.9

1

3

1

1

Dorosoma cepedianum

3

Dorosoma petenense

1

5

3

5

10

1

Ictalurus punctatus
1

4

2

1

Lepisosteus oculatus

1

3

27

6.9

1

<1

1

1

1

15

3

2

3

1

1

Lepomis macrochirus

27

2

22

Lepomis megalotis

1

Lepomis microlophus

1

4

Micropterus salmoides

17

4

4

Pomoxis annularis

17

1

1

Total Fish Collected

72

19

37

1

1

2

44

1

1

5

11

1

2
2

1

3

78

18

3

1
8.2

2

<1

6

2.6

12

3.1

1

<1

10

2.6

164

42.2

3

<1

23

7

14

3

1

1

2

12

3.1

5

4

52

13.4

1

26

6.7

8

389

2

52

2

2

42

32

35

3

4
32

20

2
16

6.4

25

5

1
3

<1

5

2

Lepomis cyanellus
Lepomis humilis

1

1
3

1

1

1.5

4

3

2

Labidesthes sicculus

<1

6

8

3

Ictiobus cyprinellus

1

2

1

Ictalurus furcatus

%

47.8

1

Cyprinus carpio

Ictiobus bubalus

20.2
1

Amia calva

Total
Count

Table 2.2 Summary statistics using generalized linear models procedures (PROC
GENMOD) for comparisons of multiple variables and turbidity. All data were
collected in July 2009 on Wolf Lake, Humphreys County, Mississippi
Comparison Tests vs. Turbidity

Chi-square

P-value

0.26
1.61
1.37
0.04
1.15
2.51
2.65
0.02
0

0.6113
0.2048
0.2416
0.8498
0.283
0.1129
0.1037
0.8847
0.97

Simpson's Diversity
Bass weight
Bass abundance
Bass with contents
Bass content weight
Food categories (fish)
Food categories (invertebrates)
Food categories (plant)
Food categories (misc.)

Table 2.3 Summary of largemouth bass Micropterus salmoides food consumption that
includes number of bass caught (n), number of bass with empty stomachs, and
estimated percentages of food categories found in stomachs. Bass stomach
contents (BSC) weight averages were measured in grams. All bass were
sampled in July 2009 on Wolf Lake, Humphreys County, Mississippi
Turbidity
(NTU)
10.9
11
11.2
14
17
17.4
18.6
20.2
45.9
47.8

n
17
4
4
5
11
2
0
5
4
0

# empty
stomachs
3
1
3
5
3
0
0
3
1
0

Fish
avg %
33
28
14
0
29
25
0
38
68
0

Invert.
avg %
43
22
0
0
43
19
0
28
2
0
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Plant
avg %
8
1
0
0
7
6
0
14
4
0

Misc.
avg %
16
38
86
0
21
50
0
21
26
0

BSC wgt.
avg.
0.09
0.12
0.01
0
0.38
0.5
0
0.1
0.42
0

Figure 2.1

Study area where fish (July 2009) and water mapping (August 2008 to July
2009) were sampled at Wolf Lake, in Humphreys County, Mississippi
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Figure 2.2

Map showing variation of turbidity measurements and locations of where
largemouth bass Micropterus salmoides were collected by electrofishing in
July 2009 on Wolf Lake, in Humphreys County, Mississippi
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Figure 2.3

Relation between Simpson’s Index of Diversity values and turbidity in
July 2009 on Wolf Lake, Humphreys County, Mississippi. (R² = 0.018, P
> 0.05)
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Figure 2.4

Relation between percentage of largemouth bass with stomach contents
and turbidity levels collected in July 2009 on Wolf Lake, Humphreys
County, Mississippi. (R² = 0.0297, P > 0.05)
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Figure 2.5

Relation between turbidity and average stomach content weight (g) in
largemouth bass collected in Wolf Lake in July 2009. (R² = 0.0301,
P > 0.05)
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Figure 2.6

Relation between estimated percentages of each food category and
electrofishing sites, of total stomach contents of largemouth bass collected at
Wolf Lake in July 2009. All bass collected at site 5 (14 NTU) had empty
stomachs. Sites 9 (18.6 NTU) and 10 (47.8 NTU) no bass were collected
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CHAPTER III
LABORATORY EXPERIMENT

Introduction
It is hypothesized that because largemouth bass are visual predators, turbidity that
causes light to be scattered and absorbed can influence the fish’s ability to successfully
catch prey, thus influencing largemouth bass foraging efficiency (Henley 2000). When
light transmittance is reduced by high turbidity, the probability of visual predators
reacting to prey is reduced significantly (Vineyard and O’ Brien 1976; Sweka and
Hartman 2003). Studies have investigated that as turbidity is increased and light
transmittance is reduced in water, results in lower visual acuity or sharpness of vision by
the predator, and efficiency of capturing prey (Gerking 1994; Kerr 1995; Abrahams and
Kattenfield 1997). Gardner (1981) found that predator-prey interactions were affected by
increasing turbidity levels, and as turbidity increased, feeding rates decreased. In the
laboratory, Harvey and White (2008) looked at feeding success in trout and salmon, and
found that no feeding was observed by either species at high turbidity levels (400 NTU).
In addition, for visual predators, as turbidity increases and water clarity decreases,
success of capturing prey is reduced, which may be due to visual impairment by the
predator, and prey avoidance. If the feeding success for bass is decreased, then their
growth, reproduction, and survival also may be affected (Buck 1956; Kerr 1995).
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The goal of this study was to conduct a laboratory experiment to investigate the
influence of turbidity on foraging efficiency of largemouth bass Micropterus salmoides.
I measured the time it took for bass to capture or interact with tethered prey in aquariums
set at different turbidity levels. I also investigated the relationship between turbidity and
light, and tested the null hypothesis that the times required for bass to capture prey among
varying turbidity levels did not differ.

Methods

Experimental Manipulation
The experimental treatment consisted of different turbidity levels (0, 10, 25, 50,
100, 250 NTU). A sustainable range around each assigned turbidity level was established
to minimize effects and difficulties of maintaining turbidity levels in the aquaria: 10 (±2),
25 (±3), 50 (±5), 100 (±10), 250 (±15) NTU. Treatment levels were similar to levels
found in MAV lakes, with 250 NTU being near the uppermost range. Laboratory feeding
trials in aquaria were conducted to examine effects of turbidity on largemouth bass
foraging efficiency. Individual foraging runs were conducted with 15 replicates of each
treatment. A trial set consisted of six 20 gallon (76 L) tanks, each with one of the
selected treatments. A treatment tank was referred to as one of the aquarium tanks, where
a selected turbidity level was applied and where trials were conducted. Turbidity levels
in the aquaria were controlled by using different amounts of bentonite clay (Abrahams
and Kattenfeld 1997; Reid et al. 1999). Fluorescent bulbs were used to control the light
environment 12:12 hour light:dark cycles. Light intensity in the treatment tanks was
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measured using a LI-COR® spherical sensor to measure the light transmittance in the
water (Theel and Dibble 2008). Light measurements were taken to 1) insure control of
light within the experiment room, and 2) determine relationship between light
transmittance and turbidity levels. Two readings were taken in the center of each
treatment tank, an air reading above the water surface, and a water reading below the
surface of the water (7 cm). Percentage light transmission from the surface was
calculated as: [1-(Io – Iz / Io)] * 100, where Io = surface irradiance and Iz = irradiance at
depth z, used in Theel 2007. The LI-COR® measurements were used to attempt
consistency of light intensity above the treatment tanks. Temperature in the room was
held constant at 22-24º C for all trials.
Largemouth bass (154-220 mm TL) from a local fish hatchery were used as the
experimental unit in the manipulation study. Fathead minnows Pimephales promelas and
golden shiners Notemigonus crysoleucas were used as prey species for the experiment
because both are common prey choices for largemouth bass (Reid et al. 1999). One prey
species was used consistently in treatment tanks throughout a trial set run. All bass were
housed in tanks similar to the control tanks (~0 NTU) when trials were not being
conducted. Twenty bass were separated into several housing tanks and prepared for
feeding trials. Six selected bass used for a trial set were not fed for 72 hours. The six
bass that remained in the housing tank for 48 hours were placed in the treatment tanks
and allowed to acclimate for 24 hours. One of the six bass was selected randomly to be
placed in each treatment tank. An opaque plexi-glass barrier and a tethered prey were
placed in the treatment tank 10 minutes prior to the start of a trial (Figure 3.1).
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An appropriate technique for tethering the prey was developed after preliminary
tests. The technique used minimized effects that prey avoidance had on bass foraging
efficiency, and allowed a more direct measurement of turbidity effects on the predator.
Tricaine Methanesulfonate (MS-222) was used as the anesthetic to reduce sensitivity for
the prey before they were tethered. Four pound monofilament was threaded through the
lower lip of the minnow and tied to a suction device that was then attached to the side of
the treatment tank. The tethered prey was placed in the same location of the tank for all
treatments and trials (Figure 3.1). After 10 minutes had elapsed, which allowed time for
the prey to be acclimated, the barrier was removed to allow the bass to forage for a
maximum of 1200 seconds; these times were used and determined based on preliminary
trials. I measured the time it took bass to capture prey during the trial. If there was no
contact or capture by bass of prey, trials were completed and capture time was considered
to be > 1200 seconds. Observations were made 3 meters from the tanks to limit observer
effects on bass behavior. This process was repeated for all six treatments defining a trial
set. After completion of a trial-set all bass were returned to the housing tanks. The
percentage of bass that captured prey in each treatment and the time elapsed of capture
was calculated. Percentage of bass that captured prey included bass that came in physical
contact with prey even though they were unsuccessful at capturing the prey. For this
experiment, forage efficiency was defined as the time taken in seconds for bass to capture
tethered prey. All treatments were replicated 15 times except for two trials run at 10
NTU due to complications during the trial runs, where the fish abandoned the tanks. A
completed total of 21 trial-sets were run, the first six were used as preliminary trials for
standardizing the methods.
29

Data Analysis
Number of bass observed that captured prey were compared with the different
turbidity levels using a nonparametric one-way analysis of variance (PROC
NPAR1WAY) in SAS® version 9.2 to determine if treatments differed. The procedure
NPAR1WAY was used instead of ANOVA because normality assumptions were not met.
Observations were scored as 0 if they did not eat and 1 if they captured prey. The
observation values were used in the analysis to compare among different treatments. A
type III likelihood ration test in (PROC GENMOD) using differences of least squares
means was used to determine significant differences in average time to capture prey
among treatments. Mean light transmittance measurements values were calculated as
percentages for the six different turbidity levels. Generalized linear model (PROC GLM)
was used to assess the relationship between available light and the different turbidity
levels. A quadratic regression curve was fitted to mean light transmittance values. To
improve normality assumptions the data were transformed using natural log. All tests
were run using  = 0.05.

Results
The results from the NPAR1WAY analysis comparing the prey captured
observations relative to turbidity treatment levels indicated a significant difference (F=
9.49, P < 0.001). The 0 NTU level differed significantly from 50, 100 and 250 NTU
tanks but 50 NTU did not differ significantly from 100 NTU. In addition, 10, 25, 50, and
100 NTU all differed significantly from 250 NTU. All bass in the 0 NTU treatments
captured their prey. On the other hand, only 15% of the bass in the 250 NTU treatments
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captured their prey throughout all trials (Figure 3.2). Average time taken for bass to
capture prey increased as turbidity treatments increased from 0 NTU to 250 NTU (Figure
3.3). A significant correlation was observed between mean light transmittance and
turbidity (R² = 0.84, F = 13.51, P = 0.035) (Figure 3.4). The relationship between
turbidity and light transmittance showed a quadratic regression instead of a linear
regression and could be explained by small variation in overhead light intensity and
fluctuating turbidity between treatment tanks (Figure 3.4). Pearson’s correlation
coefficient was calculated for the relationship between mean light transmittance and
turbidity (r = -0.812). The mean range of light transmittance among turbidity levels were
30.44% (250 NTU) to 43.83% (50 NTU).

Discussion
This study differed from previous studies that only observed predator-prey
behaviors in that it measured only the predator’s action by controlling effect of prey
avoidance. By pinpointing only the predator’s responses to turbidity may have helped to
identify turbidity’s influence on visual predators by reducing other influencing factors on
foraging. Although this experimental study was highly unrealistic by not measuring prey
avoidance, which does occur in a natural system, the predator-prey interaction may have
produced different results with influences of turbidity. Results from my study that
measured predator’s actions suggest that changes in turbidity from low levels (0 NTU) to
high levels (i.e., 250 NTU) may reduce foraging efficiency of bass attempting to capture
prey. Reid et al. (1999) observed similar results dealing with high levels of turbidity (>
70 NTU) and juvenile largemouth bass. A gradual shift in turbidity (0 through 250 NTU)
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may have such a large environmental impact that behavior of bass is altered to affect
foraging efficiency. Even as turbidity was increased from 0 NTU to 10 NTU fewer
numbers of bass were observed interacting with the prey (Figure 3.2). As turbidity
reached 250 NTU, only two fish out of 15 made attempts to eat prey, implying that the
combination of greater turbidity and reduced light transmitted in small or large
differences may impact the feeding success of bass. Further research could be conducted
by creating more treatment combinations using varying levels of turbidity and light
intensities to produce results that show interaction impacts between both variables.
My results also suggested that greater turbidity levels (e.g., 100 and 250 NTU)
and reduced amount of transmitted light in the aquaria, may indirectly influence visual
predators, i.e., largemouth bass (Figure 3.4). Others also suggest that reduced light in the
water column can decrease the reactive distance, reduce capture rates, and affect prey
selection of foraging fish (Crowl 1989; Reid et al. 1999; Sweka and Hartman 2003;
Shoup and Wahl 2009). Crowl (1989) showed that turbidity may reduce ability of
largemouth bass to visually identify prey, and that at greater turbidity levels, a bass
almost always attacked a rectangular stone that was offered in the tank. In natural
settings where turbidity is increased above the system norm, predator feeding habits may
be reduced caused by inability to visually identify food at greater turbidity levels. The
impacts on reduced feeding or foraging rates can in turn influence predator and prey
survival.
Although my goal was not to quantify prey recognition, I did note that the bass in
my study appeared to have difficulties recognizing the minnow as prey in turbidity levels
of 250 NTU. This observation may be in part due to the bass’ vision becoming less
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effective in identifying objects in the highly turbid waters. The average time for the bass
to make an attempt to capture the prey also increased as turbidity increased (Figure 3.3).
In terms of efficiency, on average, the bass took longer to make any attempts even
without prey using any avoidance techniques. If the bass is taking more time to find and
capture its prey, it will require more energy for searching, and thus they may be less
efficient at foraging. Reid et al. (1999) noted that previous studies involving effect of
turbidity on capture rates of piscivores have ended with inconsistent results. One thing
that has remained consistent among previous studies is that depending on the species,
greater turbidity levels impact foraging behavior and in most cases reduces the success of
capturing prey (Crowl 1989; Reid et al. 1999; Harvey and White 2008; Shoup and Wahl
2009).
My findings in the laboratory with respect to effects of turbidity on piscivores
need to be examined in a natural setting during times where turbidity is greatly increased.
With better management techniques implemented in lake systems to minimize dramatic
turbidity fluctuations, monitoring fish population responses to these management
techniques may be found useful for improving the fisheries and water conditions. There
is still a need for studies to investigate impacts on lower trophic species with relation to
the top trophic level while including effects of turbidity on those levels in aquatic systems
to determine effects of turbidity on food-web-level interactions.
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Figure 3.1

Plexi-glass
barrier

Treatment tank
20 Gallons (76 L)

Tethered prey

Largemouth bass
acclimated for 24 hours

Diagram of the treatment tank setup before start of a trial to test foraging
efficiency of largemouth bass Micropterus salmoides. All trials were run at
Mississippi State University, 2009
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Figure 3.2

Comparison between percentage of largemouth bass that captured prey and
the six different turbidity treatment levels where trials were run to observe
foraging efficiency of largemouth bass. Trials were conducted at Mississippi
State University, 2009. (R² = 0.92, P = 0.046)
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Figure 3.3

Comparison between average time taken in seconds for largemouth bass to
capture tethered prey and turbidity treatment levels. The y error bars
represent the standard error. Letters above y error bars represent significant
difference among turbidity levels. All trials were conducted at Mississippi
State University, 2009
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Figure 3.4

Comparison between mean light transmittance (%) and turbidity treatment
levels from trials conducted at Mississippi State University, 2009. The y
error bars represent the standard error of the mean. The quadratic regression
curve was fitted using mean light transmittance values (N = 6) (R² = 0.659,
F = 13.51, P = 0.035). Pearson’s correlation coefficient (r = -0.812)
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CHAPTER IV
CONCLUSIONS

Water turbidity may have negative impacts on fish habitat in aquatic systems of
the Mississippi Alluvial Valley (MAV). Turbidity levels in these systems can be high
and vary by lake and season due in part by amount of suspended sediment imported into
lakes from soil erosion in surrounding agricultural landscapes (Kerr 1995). These
sediment levels have been identified as one of the pollutants most limiting to fish growth
in oxbow lakes in the MAV, where suspended sediment loads have been reported to
exceed 80 to 100 parts per million (Knight and Welch 2002). Management has been
implemented in some areas of the Mississippi Alluvial Valley region in an attempt to
reduce sediment runoff and protect aquatic habitats, however, little is still known about
how turbidity specifically impacts fish in these systems (Dabney et al. 2004).
I investigated the hypothesis that water turbidity influences the foraging
efficiency, diet and distribution of largemouth bass. Studies were conducted in the field
(Wolf Lake) and in the laboratory (aquaria). The field survey that I concurrently
conducted on Wolf Lake to measure turbidity provided vital information for my study,
because the data helped identify ranges of turbidity levels present in habitat during July
when I sampled fish to determine turbidity influence on the diversity of fish and foraging
of largemouth bass. From the sampling sites, turbidity measurements were used to
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investigate any relationships between turbidity levels and diets of largemouth bass
collected in the lake. However, the small sample size of bass collected made it difficult
to determine if turbidity had influences on bass diets and distribution throughout the lake.
My results indicated largemouth bass variables (numbers, weights, stomach contents)
were not related significantly to turbidity. Sampling bias may have played a role that
influenced the results. In addition, the small range of turbidity observed in the lake may
have reduced my ability to detect any differences on fish distribution, possibly due to
turbidity levels falling within a tolerable range for the species.
At a smaller scale in a controlled setting, I explored, in a laboratory manipulation,
differences in foraging efficiency of largemouth bass among differential turbidity levels.
Results from the manipulated experiment showed that there were significant differences
among treatment levels (0-250 NTU) on foraging efficiency of bass. Prey capture
percentages of bass declined from 100% at 0 NTU to 15% at 250 NTU treatment tanks.
Also, as turbidity increased, average time it took the bass to capture the prey increased.
Relating to foraging efficiency, it was observed that the bass in greater turbidity levels
(e.g., 100 and 250 NTU) were less efficient and may have required more time and energy
for searching and making attempts to capture the prey. Therefore, the bass had fewer
interactions with prey at the 250 NTU level, and could have been a result of poor level of
visibility in turbid water.
Results from this project added to understanding largemouth bass behaviors
inhabiting highly turbid systems. This study provided information on the impact that
turbidity has on fish habitat and behavior responses that can potentially influence growth
and distribution of largemouth bass. Although turbidity was not found to have direct
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impacts on bass in Wolf Lake, this study provided another way to measure environmental
impacts on largemouth bass. Because largemouth bass is considered an important game
fish and is intensively managed, this study added to previous knowledge on the ability to
predict how environmental factors may impact growth and distribution of a fishery in
highly turbid conditions (Buck 1956; Kerr 1995).
Better management practices have been applied to reduce the soil run-off in many
effective ways to help improve the water quality and the health of a fishery (Filipek et al.
1991; Kerr 1995; Knight and Welch 2004). By using better management techniques to
improve lakes impacted by soil erosion causing turbid conditions, fish conditions may
improve. In conclusion, with the combination of renovation projects to improve water
quality, and a further understanding of factors influencing fish behavior, appropriate
management techniques can be applied to help improve the overall quality of fish habitat.
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APPENDIX A
SUMMARY OF MONTHLY WATER TURBIDITY SAMPLING ON
WOLF LAKE, HUMPHREYS COUNTY, MISSISSIPPI, 2008-2009
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Turbidity (NTU)
Months
Sampled
Aug-08
Sep-08
Oct-08
Nov-08
Dec-08
Jan-09
Feb-09
Mar-09
Apr-09
May-09
Jun-09
Jul-09
Oct-09
Nov-09

Data points (N)
1,931
1,790
1,525
1,528
1,490
1,534
1,595
1,316
1,557
1,452
1,390
1,245
1,347
1,407

High
57.3
54.6
133
702
680
217.3
211.5
442
378.1
318.4
407
84.7
127.9
75.9
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Low
6.6
7.2
14.7
26
139
108.2
94.9
111.3
85.4
97.2
11
9
14.9
16.2

Mean
16.7
14.9
26.2
91.6
332.4
162.6
161.6
168.4
189.5
152.2
42.8
16.5
39.8
43.2

Standard
Deviation
12.4
4.9
10.2
132.8
135.5
28.3
25.2
31.4
70.6
32.2
58.6
9.6
17.4
12.4

